The aim of the research was to assess the level of contamination with heavy metals (manganese, iron, nickel, copper, zinc, cadmium and lead) in two forest areas selected in different places in Poland: the first one in the Swietokrzyskie Province (forests of the Staporkow Forest Division) and the second one in the Opolskie Province (forests of the Kup Forest Division). The degree of contamination of these forest areas with analytes was found using edible large-fruited mushrooms naturally occurring there -the research was carried out using passive biomonitoring method. Heavy metals in mushrooms (separately in stems and hats) as well as in soil samples were determined by atomic absorption spectrometry with excitation in flame (F-AAS). The obtained results were interpreted by assessing the degree of contamination of forest areas on the basis of concentrations of heavy metals in mushrooms. The obtained results indicate an increased accumulation of heavy metals in hats than in mushrooms stems. On the basis of the obtained data, significant contamination of forest areas with selected heavy metals was also found. This is confirmed by the possibility of using mushrooms as biomonitors in passive biomonitoring of forest areas, which are heavy metal accumulators. In the interpretation of the test results, the phytocumuling factor (PF) was also used. The degree of accumulation of heavy metals, from given forest areas -from soil to mushrooms -was assessed on the basis of determined PF coefficients. In addition, good bioavailability of the analysed analytes by mushrooms was found. Additionally, on the basis of the conducted studies, the possibility of mushroom consumption was assessed -they are not suitable for consumption due to the fact that the permissible concentration standards of heavy metals contained in mushrooms were exceeded.
Introduction
Emission of pollution is a consequence of human large industrial activity since the 19th century, which has resulted in considerable pollution of environment with heavy metals. Heavy metals are present in fauna and flora, penetrating various ecosystems; water and land biotopes are contaminated and, in time, trace elements get through to food chains [1] . The threat posed by heavy metals results directly from their migration in trophic chain: soil -plant -animal -humans, and the possibility of their accumulation in the last link of the chain, i.e. human body [2] . Heavy metals enter human and animal organisms most
Materials and research methodology
The studies have been carried out in two provinces: in the woods of the Staporkow Forest Division (Swietokrzyskie Province) -area S and in the woods of Kup Forest Division (Opole Province) -area K. The Staporkow Forest Division manages 12 thousand hectares of woodlands. The region includes a hilly plateau, which is a fragment of north-eastern mesozoic edge of the Swietokrzyskie Mountains. The main part of the Forest Division is located in the area of the Nieklansko-Blizynskie Hills [24] . In the woods of the Staporkow Forest Division, near the village of Stary Janow, 12 measurement points were marked, where samples of mushrooms and the soil on which they grew, were collected (Fig. 1a) . The area of the Kup Forest Division is located within the Opole Province, in the following communes: Dobrzen Wielki, Lubniany, Murow, Pokoj, Popielow and Swierczow. The total area of the unit is approximately 20,670 hectares (including 19,960 hectares of woodlands). From the natural and geographical point of view, the Kup Forest Division woods are located mainly in the 5th Forest-Nature Silesian Area, in the 5th Area of the Opolska Plain and Bory Stobrawskie mesoregion [25] . Samples from 9 measurement points, localised near a hamlet in the vicinity of the Brynica village, were taken in the area (Fig. 1b) . Three edible mushrooms were picked from each measurement point. Biomonitoring studies were carried out during the period from September to November 2016, in the fall season. In order to determine the level of heavy metals pollution in the woods of the Staporkow and Kup Forest Division, biomonitoring studies were carried out with the passive method, which determines heavy metal concentrations in the collected samples of the biota, which naturally exists in the study area. The study material consisted of soil and mushrooms (stems and hats) collected in the study area. Mushroom samples were cleaned from mechanical impurities, e.g. leaves and needles, divided into morphological parts and dried at room temperature to obtain dry mass. Following the completed digestion process, the solutions were filtered into volumetric flasks of 25 cm 3 volume. The process temperature was 190 °C. MERCK company reagents were used to prepare solutions. Next, heavy metals concentrations (Mn, Fe, Ni, Cu, Zn, Cd and Pb) were determined in the digested samples, with the use of flame atomic absorption spectroscopy (F-AAS), using the atomic absorption spectrometer iCE 3500 made by Thermo Electron Corporation (USA). Table 1 presents the limits of detection and the limits of quantification for flame atomic absorption spectrometer. The equipment was calibrated with the use of calibration standards from the company ANALYTIKA Ltd. Table 2 shows heavy metals concentrations, determined in the certified reference materials as BCR-482 lichen, prepared by the Institute for Reference Materials and Measurements, Belgium. Table 3 presents heavy metals concentrations determined in the soil and mushroom samples collected in the woods of Staporkow and Kup Forest Divisions. The values in bold, e.g. 2.19 are the concentrations, which exceed limit values for edible mushrooms [27] . The graphs in Figures 2 and 3 present distribution of concentrations of the heavy metals determined in soil and morphological parts of edible mushrooms. Table 4 presents the basic statistical parameters of concentrations of the heavy metals determined in the soil samples. The analysis of the results of carried out research demonstrated that the soil collected from both study areas shows much higher concentrations of Mn, Fe and Pb, in comparison to anatomical parts of mushrooms collected in these areas. For other determined elements, the content of analytes in soil was lower than the concentrations recorded in mushrooms. Total content of Ni, Cu, Zn, Cd and Pb determined in the analysed soils did not exceed the permissible quantities for those types of soils, in line with the regulatory arrangements [28] . On the basis of the analysis of heavy metals concentrations in soil, it should be stated that the area located in Opole Province is more polluted with the selected analytes. This can be justified by the very location of measurement points, which are close to the provincial road No. 461.
Research results
Heavy metals accumulation in fruiting bodies of mushrooms is a result of dry and wet deposition, however, atmospheric aerosol may also include pollution from soils in the form of dust. In the case of mushrooms, translocation from soil, through mycelium to fruiting body is an important transport channel. The input for the above mentioned sources of metals depends of climate and meteorological conditions and is difficult to assess.
The analysis of heavy metals concentration accumulated in mushrooms allows to state that the material collected in the woods of the Kup Forest Division was more polluted. The concentrations of all elements were higher, in comparison to the mushrooms collected in the Swietokrzyskie Province. Nickel was determined only in the mushrooms collected in the areas of the Kup Forest Division. Higher concentrations of heavy metals in the mushrooms collected from the Kup Forest Division confirm translocation of heavy metals from the soil, which was also more polluted in that area.
The next stage of the studies included an analysis of heavy metals concentration in morphological parts of mushrooms. Higher concentrations of zinc, cadmium and copper were determined in hats than in stems of the mushrooms collected from both study areas. The results of the carried out analyses confirm the results of other authors [29] . In the case of other elements, concentrations determined in stems and hats are comparable or the concentration in stem is higher than the one in hat.
In order to define the capacity of the analysed mushrooms to accumulate bioaccessible forms of heavy metals from the soil, phytocumuling factor PF [30] PF coefficient values were interpreted [31] : PF ≤ 0.01 -no accumulation, PF ≤ 0.10 -low degree of accumulation, PF ≤ 1.00 -medium degree of accumulation, PF > 1.00 -high degree of accumulation. Table 5 presents the values of phytocumuling factor PF set for edible mushrooms collected from two study areas. The analysis of the values of the PF coefficient for the mushrooms collected from the area of the Staporkow Forest Division, it was confirmed that nickel was not accumulated. Mushrooms also accumulated little Fe (also those collected from the Kup Forest Division). The mushrooms collected from two study areas accumulated manganese and lead in medium degree and Cu, Zn and Cd in high degree. On the basis of the data presented in Table 3 , it should be stated that hats of the mushrooms collected from both study areas were more polluted with heavy metals than their stems.
Taking into consideration the affinity to biochemical structures of the selected edible mushrooms, heavy metals can be ordered in the following way:
Cd > Cu > Zn > Pb > Mn > Fe The analysis of PF coefficient values demonstrated that mushrooms most effectively accumulated such metals as cadmium, copper and zinc. Other authors obtained similar results [32] [33] [34] .
Conclusions
Biomonitoring studies have an important role in the assessment of environment condition, among others, the level of heavy metals pollution. Biomonitoring with the use of mushrooms is a forward looking type of environment monitoring, used in assessment of pollution level of woodlands with, among others, heavy metals. The analysis of concentrations of the analytes bound in mushroom fruiting bodies provides information not only about the environment pollution level but also allows to assess, whether mushrooms are suitable for human consumption, taking into consideration the content of substances harmful to humans.
The following conclusions were drawn on the basis of the carried out research, with the use of edible mushrooms fruiting bodies: 1. In line with the Polish standards of soil quality, in the soils from both study areas, the allowable concentrations of Ni, Cu, Zn, Cd and Pb were not exceeded [28] . 2. Higher concentrations of the determined analytes in hats than in stems, of edible mushrooms collected from two study areas, were detected for copper, zinc and cadmium. 3. Mushrooms fruiting bodies are characterised with good bioaccumulation of heavy metals from soils, which was confirmed by the determined values of PF coefficient (Table 5 ). Intense accumulation of Cd, Cu and Zn was confirmed. 4. On the basis of the analysis of heavy metals concentrations accumulated in soil and mushrooms it should be stated, that the area of the Kup Forest Division is more polluted with trace elements and edible mushrooms from both areas are not suitable for human consumption, due to exceeded standards [27] , e.g. the maximum level of edible mushrooms pollution with Pb is 0.1 mg/kg f.m. (fresh mass), according to the standard, whereas the value of 53.9 mg/kg d.m. was determined in the mushrooms collected in the Kup Forest Division. 5. Edible mushrooms are a sensitive biomonitor of heavy metal pollution level in woodlands.
